Background This work aimed to compare two mini-invasive palmar approaches (longitudinal and transverse) to osteosynthesize fractures of the distal radius. The main hypothesis was that the longitudinal technique gave smaller incisions. The secondary hypothesis was that the longitudinal technique would be better for the recovery of pain, functional scores, strength, and mobility.
Minimally invasive surgery has progressively established itself in orthopaedic and trauma surgery of the lower limb: percutaneous surgery of the forefoot, knee arthroscopy, knee and hip prostheses, and osteosynthesis of the trochanteric mass.
1 On the wrist, there are three types of semi-invasive approaches for fixation of extra-articular fractures of the distal radius: dorsal 2,3 or lateral 4 for the placement of a locked intramedullary nail, and palmar for an volar locking plate.
5
Concerning the palmar approach, some authors have described a longitudinal route 6 and others a transversal path.
7
Both use the same plates for standard techniques. The aim of this work was to compare the aesthetic and functional results of minimally invasive plate osteosynthesis (MIPO) palmar surgery in the treatment of extra-articular distal radius fractures in postmenopausal patients: longitudinal and transverse.
The main hypothesis of this work was that the longitudinal MIPO approach yielded smaller incisions than the transverse MIPO technique. Secondary hypotheses were that the longitudinal MIPO technique gave better results than the transversal MIPO in terms of pain, functional scores, strength, and mobility.
Materials and Methods
The records of all patients managed in two hand surgery centers for a distal radius fracture stabilized by volar locking plate in the past 5 years were studied retrospectively. Patients younger than 50 years, men, polyfractures or polytrauma, comminuted fractures, intra-articular fractures, volarly displaced intra-articular fractures, and open intra-articular fractures were all excluded. Included were isolated closed fractures of the extra-articular distal radius with posterior displacement less than 30 degrees, with a minimum follow-up of 6 months in postmenopausal women older than 50 years. Our series included 30 fractures in 30 patients with an average age of 74 years (range: 66-90).
All fractures were stabilized by an anatomic locking plate on the anterior aspect of the distal radius (Initial R, Newclip Technics, Haute-Goulaine, France) using a minimally invasive technique. The 15 fractures managed in the first center (Group I) were operated by a single longitudinal minimally invasive approach 8 (►Fig. 1). The fractures managed in the second center (Group II) were operated by a transverse minimally invasive approach to insert the plate and the distal epiphyseal screws. The proximal diaphyseal screws were subsequently placed via an accessory longitudinal approach 5 (►Fig. 2).
The outcome evaluation method consisted of immediate postoperative measurement of the total incision size in mm, which represents the size of the single longitudinal incision in Group I, and the sum of the transverse and longitudinal incisions in Group II. Six months after the surgery, the pain was measured on a visual analog scale from 0 (no pain) to 10 (maximum pain imaginable), the overall function of the hand by the quick Disability of the Arm, Shoulder, and Hand (DASH) from 0 (normal function) to 100 (unusable upper limb), Statistical analysis was performed to compare the 11 quantitative variables (pain, quick DASH, PRWE, grip strength, flexion, extension, ulnar inclination, radial inclination, pronation, supination, and incision's length). Given the small numbers in our sample, the old so-called frequentist methods, expressed as p-values, have only a weak power. In this work, we used Bayesian analysis methods, which consist in calculating the probability of observing a difference or not, which have a greater power. A probability of a difference in credibility intervals between the two groups of more than 90% corresponded to a large difference, of more than 95% to a very large difference, and of more than 97.5% to the equivalent of one significant difference. All the analysis was performed using software R in version 3.2.2 (https://www.r-project.org/).
Results
The analytical results are presented in ►Tables 1 and 2. The total size of the incision was on an average 14.73 mm in Group I and 19.8 mm in Group II, with an estimated significant difference of À5.325.
At more than 6 months, the average pain was 1. 
Discussion
Among minimally invasive techniques developed for the osteosynthesis of extra-articular fractures of the distal radius, the use of intramedullary nails remains controversial, 11 probably due to complications such as injury to the extensor apparatus by dorsally inserted nails 12 and to the radial nerve branches by laterally inserted nails.
13
With the development of volar locking plates, Henry's extended distal anterior approach or trans-flexor carpi radialis (FCR) approach tends to become the gold standard.
14 It has been used to early mobilize the wrist and limit the number of complications, particularly unwanted calluses and type I complex regional pain syndromes. 15 It has some disadvantages, including the nonaesthetic scarring and the loss of ligamentotaxis linked to the disinsertion of articular bone fragments from their capsular, ligament, and muscle attachments. This is why some authors have developed a minimally invasive technique using a longitudinal or a transverse way with conservation of the pronator quadratus muscle. 16, 17 Some authors have shown that it is better to respect the pronator quadratus than to incise it with or without repair. 18 Others suggest that the pronator quadratus participates in the vascularization of the distal radius,
19
stabilizes the distal radioulnar joint, 20 participates in 21% of the forearm pronation force, 21 and promotes bone healing, which speeds up the return to daily activities.
17
The minimally invasive transverse pathway has several disadvantages. On the aesthetic level, not only the localization in a transverse wrist fold can be interpreted as a suicide attempt scar by phlebotomy 5 but also the need for a second incision to have the proximal screws does not respect the principle of a single incision. 7 Neurologically, lesions of the palmar cutaneous branch of the median nerve have been described. 22 Finally, no author has reported the use of the transverse approach for joint fractures or proximal fractures. The minimally invasive longitudinal path on the radial side of the FCR does not have these disadvantages. It cannot be confused with a suicide attempt scar, does not require an additional incision to have the proximal screws, and avoids the palmar cutaneous branch of the median nerve. Moreover, the longitudinal incision can be extended proximally and/or distally in case of complex fractures.
23
As a weakness of our series, the patients were operated in two different centers. As strength of our series, the fractures were similar in both groups. The difference between both groups cannot be explained by the fracture but by the length and direction of the incision. The results of our series confirmed the superiority of the longitudinal approach, all indicators of which were better than those of the transverse, except pain, although not significant.
The primary hypothesis of this work was confirmed, and the longitudinal MIPO approach gave significantly smaller incisions than the transverse MIPO technique. Among the secondary hypotheses verified, all the variables were better with the longitudinal MIPO technique, two with a significant difference (quick DASH, wrist extension) and seven with a nonsignificant difference (PRWE, force, flexion of the wrist, ulnar and radial inclinations, pronation, and supination).
In conclusion, in the course of anterior locking plate osteosynthesis for isolated extra-articular distal radius fractures with posterior displacement, the longitudinal MIPO technique gives better functional and esthetic results than the transverse MIPO approach, and allows to extend the incision easily, if necessary.
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